Abstract
Introduction
Prostate biology is closely related to the hypothalamus-pituitary-adrenal-testis axis. In the testis, Leydig's interstitial cells are responsible for the production of 95% of all circulating androgen in the form of testosgen (PSA) were significantly higher in these cases. In the clinical multivariate model, independent and positive predictors of pGS > 7 were TT (p = 0.041; OR = 1.004), PSA (p = 0.006; OR = 1.191), and bGS > 6 (p = 0.004; OR = 5.0); that is, a single unit increase in TT plasma levels increases the odds of having high grade PCa by 4%. Conclusion: In a contemporary cohort of patients, preoperative plasma levels of TT directly and independently associated with high grade PCa. High baseline plasma levels of TT might have clinical applications for managing PCa. New and well designed prospective studies dealing with this subject are required.
terone. Prostate physiology is regulated by androgens, estrogens, and pituitary hormones. Physiopathology factors related to the natural history of prostate cancer (PCa) are still unknown. Since the pioneering work of Charles Higgins [1], androgens have been universally considered pivotal in the regulation of normal function and malignant growth of the prostate. The pathophysiology of PCa is related to total testosterone (TT) and prostate-specific antigen (PSA) [1] [2] [3] . In the PCa population, abnormal pretreatment plasma levels of TT have been detected [4] [5] [6] [7] . It has been postulated that PCa might produce a substance that alters the normal function of the pituitarytesticular-prostate axis which responds with abnormal LH and FSH serum levels [4] [5] [6] [7] [8] [9] [10] [11] . It has also been suggested that the impact of PCa on the hypothalamic-pituitary-testis-prostate axis may be more profound in highgrade tumors [11] ; however, the hypothesis has not been confirmed [12] .
The pathology Gleason score (pGS) is the most effective predictor of PCa natural history (biochemical recurrence, development of metastases, and disease specific mortality) after treatment [13] [14] [15] [16] . The association between pretreatment TT plasma levels and pGS is a main topic that still remains controversial, unsettled [4-7, 10-12, 17-29] , and requires further research [30] .
In a cohort of patients we have shown that increased preoperative TT plasma levels independently associated with high grade PCa as coded by pGS [31, 32] . The aim of the present study was to investigate the associations, if any, between preoperative plasma levels of TT and pGS in a new and contemporary cohort of patients.
Materials and Methods
Between November 2014 and June 2015, plasma levels of TT were measured in 142 consecutive patients who underwent radical prostatectomy (RP) by robot assisted or retropubic approach with or without extended lymph node dissection when appropriate. The study is part of a larger trial of PCa biobanking which has already been approved by the local Ethical Committee. An informed signed consent was obtained in all cases. The data were prospectively collected and retrospectively reviewed. Total testosterone was checked in the preoperative period, and it was done for research of a prospective study aiming at evaluating association between testosterone and prostate cancer. Exclusion criteria were as follows: 5α-reductase inhibitors, LH-releasing hormone analogues, or testosterone replacement treatment.
The 14-core transrectal ultrasound (TRUS) guided prostate biopsy technique was routinely used and additional cores were taken when a lesion on either TRUS or digital rectal examination was evident. Prostate volume (PV, ml) was measured by standard methods and PSA density (PSAD) was calculated. In PCa cases, the biopsy Gleason score (bGS ) and proportion of positive cores (P+) were computed. Age (years) and body mass index (BMI, kg/ m 2 ) were also determined. Simultaneous pretreatment serum samples of TT and PSA were obtained from a cubital vein, at least 1 month after TRUS biopsy, between 8:00-8:30 a.m. All samples were analyzed at our laboratory. The plasma levels of TT (normal range 18-758 ng/ dl) and PSA (normal range 0.2-4.0 ng/ml) were determined by radioimmunoassay.
The prostatectomy specimens were fixed in total overnight (10% neutral buffered formaldehyde), coated with India ink, and then weighed. Tissue sections of 4 µm were prepared in standard fashion and stained with hematoxylin and eosin. Patients were classified according to primary tumor stage, lymph node, and metastatic status, using the American Joint Committee on Cancer TNM (2010) classification system. Seminal vesicle invasion was defined as tumor involvement of the muscular wall (pT3b). Bladder neck invasion was staged as pT3a. Surgical margins were stated as free (R0) or involved by cancer (R1). Tumors were graded according to the Gleason grading system and pGS was computed after summing up the two patterns, prevalent and secondary, of the tumor. High grade PCa was defined as pGS > 7. The variables were grouped as clinical (age, BMI, PSA, TT, PV, PSAD, bGS, and P+) and pathologic (pGS, pT, surgical margins, and pN). Table 2 . Clinical and pathological characteristics of the cohort stratified by tumour grade 2 (1-6) 11 (8.6) 5 (3.9) 10 (7.8) 14(10.9) 5 (3.9) 9 (7.0) BMI = Body mass index; TT = total testosterone; PSA = prostate specific antigen; PV = prostate volume; P+ = proportion of biopsy positive cores; PSAD = PSA density; cT = clinical tumour stage; bGS = biopsy Gleason score; pT = pathologic tumour stage; pN = pathologic nodal stage; pGS = pathologic Gleason score. 
Statistical Methods
The entire cohort, assessed by continuous and categorical variables, was classified into two groups according to the pGS that included low-intermediate (pGS 6-7) and high grade (pGS > 7) cases. Data on continuous variables are presented as medians with their respective ranges. Differences between groups were analyzed with the Mann-Whittney U test.
Data on categorical variables are presented as proportions, and differences between groups were analyzed with Pearson's chisquared or Fisher's exact test as appropriate.
The associations of high grade PCa was investigated by the logistic regression model in which all variables were entered as continuous variables except for cT (cT1c vs. ≥ cT2), bGS (6 vs. ≥ 7), and pT (pT2 vs. pT3). All tests were two-sided with p < 0.05 considered to indicate statistical significance.
Results
The present analysis relates to 128 patients who met our inclusion criteria.
Clinical and pathologic characteristics of the study cohort are reported in table 1 which shows that the median plasma level of PSA was 7.5 ng/ml and TT was 331.5 ng/ dl. The cohort showed a median age of 64.5 years with a median BMI of 26.7 kg/m 2 . Radical prostatectomy was performed by RARP in 98 (76.6%) cases and associated with extended lymph node dissection in 49 (38.3%) patients.
The clinical stage was cT1c in 100 (78.1%) cases and ≥ cT2 in 28 (21.9%) patients. Tumor grade was detected as bGS > 7 in 9 (7.0%) and pGS > 7 in 28 (21.8%) of patients. Prostate cancer was organ confined in 99 (77.4%) cases. Lymph node metastases were detected in 6 patients (4.7% of the entire cohort). Table 2 shows the clinical and pathological variables that associate with low-intermediate tumors (pGS < 7, n = 100) vs. high grade cancers (pGS > 7, n = 28). Higher median plasma levels of TT and PSA positively associated with high grade PCA that showed lower rates of bGS 6, higher rates of pT3b, and metastatic (pN1) disease. The PSAD was significantly higher in high grade PCa, but there were no differences by age, BMI, PV, P+, and cT. Table 3 reports the associations of high grade PCa with the clinical and pathological variables as assessed by logistic regression models. The analysis excluded the factors which were unrelated to high grade prostate cancer. In the univariate model, the variables that associated with pGS > 7 were TT (p = 0.040), PSA (p = 0.002), PSAD (p = 0.031), bGS > 6 (p = 0.003), and pT > 2 (p < 0.0001). In the clinical multivariate model, independent and positive predictors of pGS > 7 were TT (p = 0.041; OR = 1.004), PSA (p = 0.006; OR = 1.191), and bGS > 6 (p = 0.004; OR = 5.0). So far, the model suggests that the change in the log-odds of pGS >7 by just one unit increase in TT plasma levels is 1.004, which means that one unit increase in TT plasma levels, evaluated as a continuous variable, increases the odds of high grade PCa by 4%. The independent association between TT and pGS is depicted in figure 1 which shows that increasing median levels of TT directly relate to increasing pGS.
The independent associations between TT and pGS as well as pT are illustrated in figure 2 which shows that median TT plasma levels directly relates to both pT and pGS; moreover, differences of TT median plasma levels tend to decrease as disease extends beyond the prostate (pT3b). Figure 3 shows the distribution of TT plasma levels by quartiles as percentage and stratified by pGS in the cohort of patients. The stratification by quartiles is as follows: q1, TT < 266.5 ng/dl; q2, 266.5 ≤ TT < 331.5 ng/ dl; q3, 331.5 ≤ TT < 408.25 ng/dl; and q4, TT ≥ 408.25 ng/dl. As shown, the distributions of TT plasma levels are directly increasing in the high grade group and decreasing in the low-intermediate grade cluster; moreover, there is an interaction effect between q2 and q3.
There is evidence that the distribution of preoperative TT plasma levels clusters two different populations in the study cohort of patients who have been stratified according to the pGS in low-intermediate and high grade PCa.
Discussion
The preoperative association between TT plasma levels and pGS is a subject that has long been investigated; likewise, the topic still remains controversial and unsettled [30] . Indeed, it has been shown that TT might both associate [18, 20, 27] or not associate [17, 23, 24] with tumor grade; however, if any association has been found, both lower [18, 20, 27, 33, 34] as well as higher TT plasma levels [30-32, 35, 36] have been detected in high grade PCa. In a contemporary cohort of patients, our study showed that preoperative TT plasma levels associated with high grade PCa as assessed in prostatectomy specimens. In the clinical multivariate logistic regression modem, TT was an independent covariate predicting high grade PCa; so far, the model suggests that the change in the log-odds of pGS >7 by just one unit increase in TT plasma levels is 1.004 which means that one unit increase in TT plasma levels, evaluated as a continuous variable, increases the odds of high grade PCa by 4%. The independent and positive predictive potential of TT is outlined in figures 1 and 2. The pres-ent investigation confirms our previous results that have been detected in a preceding cohort of patients in whom preoperative TT was an independent factor associated with high grade PCa along the pituitary-testis-prostate axis [37] . Although our findings contradict studies demonstrating that lower TT associates with high grade PCa [18, 20, 27] , there is a study which shows that both the lowest and the highest circulating serum levels of TT associated with high grade PCa, and the relationship is depicted by a nonlinear U-shaped curve risk relationship [38] . The results of our study relate to the finding of two investigations showing that higher levels of free testosterone, which is highly correlated to TT, associated with an increased risk of aggressive PCa among older men [39, 40] . Although serum TT decline with advancing age, it is well known that the incidence of PCa steadily increases. Our investigation showed that age did not have any confounding role in predicting pGS.
It has been shown that TT is metabolized within the prostate to dihydrotestosterone (DHT) by the enzyme 5-alpha-reductase, and DHT is the major intracellular androgen that promotes growth within the prostate [41] . It has also been demonstrated that preoperative DHT serum levels significantly decreased after RP suggesting the evidence of a functional dependence between TT and PCa along the pituitary-testis-prostate axis [4, 5] . Our clinical multivariate model (table 3) relate to androgen hormonal dynamics that have been reported after RP [4, 5] . It has been suggested that there is a limit to the ability of androgens to stimulate PCa growth, and it has been proposed, based on androgen receptor (AR) binding evidence, the theoretical saturation model that limits the fig. 1-3) . As a theory supported by the results of the present study, we introduce the diffusion model that might explain why high grade PCa may be sensitive to increased plasma levels of TT. As shown in figure  4 , models A, B, and C are introduced. Low-intermediate grade tumors associates with model A in which the diffusion of TT from the blood (C1) to the prostate (C2) compartments is limited by the process of binding receptor saturation; as a result, lower levels of TT are needed. High grade PCa associates with model B in which the diffusion between C1 and C2 is directly proportional to TT of which higher plasma levels are required. Intermediate-high grade PCa associate with mode C which is a combination of models A and B; indeed, although binding receptors might be saturated, increased plasma levels of TT penetrate into the cytoplasm of prostate cancer cells in which the hormone exhibits its effects without needing to bind to AR. Figure 4 also shows the diffusion curves of each model in which the plasma levels of TT in the prostate compartment (c2) is a function of time. In model A, the diffusion is limited by the saturation of the receptors that is induced by c2 max value. In model B, the diffusion is directly proportional to the plasma concentration of TT, expressed by a straight line, and not inhibited by the saturation phenomena. The saturation curves both coexist in model C that may indicate a dual PCa population in which coexist both intermediate and high grade tumors. A dual PCa population is also suggested by figure 3 which shows that the distributions of TT plasma levels are directly increasing in the high grade group and decreasing in the low-intermediate grade cluster; moreover, there is an interaction effect between q2 and q3. As a result, the evidence of the study suggests that the distribution of preoperative TT plasma levels identifies two different populations in the study cohort of patients who have been stratified according to the pGS in low-intermediate and high grade PCa.
The results of our clinical model suggest that independent TT dynamics related to different grades of PCa might have important applications when looking forward to the natural history of PCa progressing to castration resistance for planning modern target therapies by both inhibitors of androgen synthesis, such as abiraterone, AR antagonists, such as MDV3100, or 5-alpha-reductase inhibitors, such as dutasteride [43] .
There are several limitations to the present investigation. First, although the data were collected prospectively, it was analyzed retrospectively.
Second, is the sample size of the population and the lack of confirmatory studies showing a strong methodology for detecting associations between plasma levels of TT and tumor grade.
Third, to measure serum TT levels, gas chromatography-mass spectrometry was not used, which is considered the gold standard in assessing TT serum levels, and pretreatment serum levels of DHT measurements were not computed.
Fourth, although there were only 28 cases with pGS > 7 which represents 21.8% of the cohort, the group that was classified by pGS > 7 was really the high grade group of the cohort according to the new classification system of PCa that has been proposed by the International Society of Urologic Pathology Consensus Conference [44] . However, the present study, while progressing, will have important and useful clinical applications on tumor upgrading in low-intermediate clinical risk prostate cancer classes.
In summary, we have determined that preoperative plasma levels of TT directly and independently associate with pathology-detected high grade PCa in a contemporary cohort of patients. Pretreatment baseline plasma levels of TT, which is an independent factor assessing tumor grade, might have clinical applications for managing PCa. New and well designed prospective studies dealing with this subject are required. 
